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(DQGWKHUPDOFDSDFLW\ȡFZHUHPHDVXUHGXVLQJWKHWUDQVLHQWKRWSODWHPHWKRG>@
)LJXUHLOOXVWUDWHVWKHH[SHULPHQWDOGHYLFHRIWKLVPHWKRG

)LJ9LHZDQG6FKHPDRI$V\PPHWULFDO+RW3ODWHGHYLFHLQWUDQVLHQWUHJLPH
+RW3ODWHLQVWHDG\VWDWHUHJLPH
7KH+RW3ODWHPHWKRGLQVWHDG\VWDWHUHJLPH>±@HQDEOHVWRFKDUDFWHUL]HWKHUPDOFRQGXFWLYLW\ȜRIVDPSOHV
)LJXUHLOOXVWUDWHVWKHH[SHULPHQWDOGHYLFHRIWKLVPHWKRGRQFHWKHV\VWHPUHDFKHVWKHVWHDG\VWDWHUHJLPH
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
)LJ9LHZDQG6FKHPDRI$V\PPHWULFDO+RW3ODWHGHYLFHLQVWHDG\VWDWHUHJLPH
([SHULPHQWDODSSURDFKRIWKHIODVKPHWKRG
7KLVPHWKRGSHUPLWVWRGHWHUPLQHWKHGLIIXVLYLW\RIVROLG>±@,WVSULQFLSOHLVGHVFULEHGLQWKHILJZHVHQGD
VWURQJOXPLQDU\IORZRQWKHVDPSOH¶VSDUDOOHOIDFHVLQDVKRUWSHULRG$WKHUPRFRXSOHLQWRXFKZLWKWKHERWWRPIDFH
SHUPLWVWRUHJLVWHUWKHULVHRIWHPSHUDWXUHLQWKHPRPHQWZKHQWKHIDFHUHFHLYHVWKHIODVK$PRGHOLQJRIKHDW
WUDQVIHULQWKHVDPSOHKDVEHHQGRQHWRHVWLPDWHWKHWKHUPDOGLIIXVLYLW\ZLWKWKHH[SHULPHQWDOWKHUPRJUDP

 
)LJ6FKHPDRIIODVKPHWKRG
5HVXOWV
'HQVLW\
7KH GHQVLWLHV PHDVXUHPHQWV ȡ RI WKH DOO VDPSOHV ZHUH PDGH E\ ZHLJKLQJ HDFK VDPSOH DQG NQRZLQJ WKHLU
GLPHQVLRQVWKHDQDO\VLVRIVDPSOHVGHQVLWLHVZDVGRQHEHIRUHDQGDIWHUFDOFLQDWLRQ%HIRUHFDOFLQDWLRQWKHUHVXOWV
LQGLFDWHWKDWIRUFRPSRVLWH,OOLWHFOD\H[SDQGHGSHUOLWHWKHGHQVLW\LVGHFUHDVLQJIURPNJPFOD\DORQHWR
 NJP H[SDQGHG SHUOLWH ZKHQ WKH YROXPH IUDFWLRQ H[SDQGHG SHUOLWH LV LQFUHDVLQJ:KLOH DIWHU
FDOFLQDWLRQWKHGHQVLW\GHFUHDVHVIURPFOD\DORQHWRNJPH[SDQGHGSHUOLWHE\WKHLQFUHDVH
RIYROXPHIUDFWLRQRIH[SDQGHGSHUOLWH+RZHYHUWKHUHVXOWVRI,OOLWHFOD\FRUNLQGLFDWHWKDWWKHGHQVLW\LVGHFUHDVLQJ
IURP NJP FOD\ DORQH WR  NJP FRPSRVLWH FOD\FRUN)LJXUH  VKRZV WKH UHVXOWV RI WKH
GHQVLWLHV REWDLQHG DFFRUGLQJ WR YROXPH IUDFWLRQ RI JUDQXODU FRUN DQG H[SDQGHG SHUOLWH EHIRUH DQG DIWHU
FDOFLQDWLRQV$XWKRUVFRQFOXGHWKHREVHUYDWLRQEHORZ
9 7KHYDOXHRIGHQVLWLHVIRUWKHFRPSRVLWH¶V,OOLWHFOD\±JUDQXODUFRUNLVPRUHLQWHUHVWLQJJDLQRQOLJKWQHVV
WKDQ,OOLWHFOD\±H[SDQGHGSHUOLWHHYHQDIWHUFDOFLQDWLRQVJDLQRQOLJKWQHVVDQGWKLVJDLQREWDLQHGLVGXH
WRWKHFUHDWLRQRISRURVLW\LQVLGHWKHFRPSRVLWHVE\DGGLQJFRUNRUH[SDQGHGSHUOLWH
9 7KHGHQVLW\RIFOD\H[SDQGHGSHUOLWHGRHVQ¶WYDU\DORWEHIRUHDQGDIWHUFDOFLQDWLRQVDQGWKLVVPDOOYDULDWLRQLV
GXHWRWKHWUDQVIRUPDWLRQRIFOD\LQWRWHUUDFRWWD
9 $XWKRUVREVHUYHWKDWWKHUHLVDOLQHDUFRUUHODWLRQEHWZHHQGHQVLWLHVDQGYROXPHIUDFWLRQRIPDWHULDOVLQVXOWLQJ

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)LJ9LHZRI'HQVLWLHVDFFRUGLQJWRGLIIHUHQWYROXPHIUDFWLRQRIJUDQXODUFRUNDQGH[SDQGHGSHUOLWHEHIRUHDQGDIWHUFDOFLQDWLRQV
7KHUPDOFRQGXFWLYLW\E\WKHPHWKRGKRWSODWHLQVWHDG\VWDWHUHJLPH
7KH UHVXOWV IRU WKH DQDO\VLV RI WKHUPDO FRQGXFWLYLW\ REWDLQHG E\ WKH KRW SODWHPHWKRG LQ VWHDG\ VWDWH UHJLPH
FRQFHUQLQJ WKH FRPSRVLWH FOD\H[SDQGHG SHUOLWH SURYHV  WKDW ZKHQ WKH YROXPH IUDFWLRQ RI H[SDQGHG SHUOLWH LV
LQFUHDVLQJEHIRUHFDOFLQDWLRQVWKLV WKHUPDOSURSHUW\GHFUHDVHV IURPWR :P.ZKLOH WKLVSURSHUW\
DIWHUFDOFLQDWLRQGHFUHDVHVIURPWR:P.+RZHYHULQFRPSDULVRQZLWK,OOLWHFOD\FRUNZHREVHUYH
WKDWWKHWKHUPDOFRQGXFWLYLW\GHFUHDVHVIURPFOD\DORQHWR:P.IRUFRPSRVLWHFOD\FRUN
ZKHQ WKH GHQVLWLHV LV GHFUHDVLQJ )LJXUH  VKRZV WKH SORW RI WKH UHVXOWV RI WKH WKHUPDO FRQGXFWLYLWLHV RI WKH WZR
FRPSRVLWHDFFRUGLQJGHQVLWLHVDOORZVWRFRQFOXGHWKHREVHUYDWLRQVEHORZ
9 :HQRWHWKDWWKHWKHUPDOFRQGXFWLYLWLHVRIWKHFRPSRVLWHFOD\H[SDQGHGSHUOLWHDLUGULHGDUHIDUIURPWKHUHVXOWV
REWDLQHGIURPWKHFRPSRVLWHFOD\FRUN
9 7KHJUDQXODUFRUNZLWKFOD\SHUPLWVDVLJQLILFDQWGHFUHDVHRIWKHUPDOFRQGXFWLYLW\ZKLOHWKHJUDQXODUH[SDQGHG
SHUOLWH SHUPLWV D GHFUHDVH RI WKHUPDO FRQGXFWLYLW\ ORZHU WKDQ WKH RQH REWDLQHG E\ FRUN JDLQ RI  XVLQJ
SHUOLWHLQVWHDGRIIRUFRUN
9 7KHYDOXHRI WKHWKHUPDOFRQGXFWLYLW\ IRU WKHFRPSRVLWHFOD\FRUNDLUGULHG DUHDERYH WKHVDPHYDOXHDV WKH
FRPSRVLWH FOD\H[SDQGHGSHUOLWHKHDWHG VRZH FRQFOXGH WKDW WKH UHVXOWV RI WKH FRPSRVLWH FOD\FRUNDUHPRUH
LQWHUHVWLQJWKDQWKRVHRIFOD\H[SDQGHGSHUOLWHLQWHUPRIHQHUJ\JDLQ
9 7KH ILJXUH  VKRZV WKHUPDO FRQGXFWLYLW\ DFFRUGLQJ WR GHQVLW\ DQG SHUPLW WR DXWKRUV WR GHGXFH D OLQHDU
FRUUHODWLRQEHWZHHQWKRVHSDUDPHWHUV
9 7KH LPSURYHPHQW RI WKHUPDO FRQGXFWLYLW\ DIWHU FDOFLQDWLRQ LV GXH WR WKH KLJKHU ILULQJ WHPSHUDWXUHV ZKLFK
SURGXFHVPRUHYLWULILFDWLRQSKDVHVLQVLGHWKHPDWUL[FOD\H[SDQGHGSHUOLWH
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
)LJ9LHZRI7KHUPDOFRQGXFWLYLW\DFFRUGLQJWRGHQVLWLHVRIFRPSRVLWHV,OOLWHFOD\JUDQXODUFRUNDQG,OOLWHFOD\H[SDQGHGSHUOLWHEHIRUHDQG
DIWHUFDOFLQDWLRQV
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7KHUPDO(IIXVLYLW\E\WKHPHWKRGKRWSODWHLQ7UDQVLHQWUHJLPH
7KHUHVXOWVRIWKHWKHUPDOHIIXVLYLW\REWDLQHGE\WKHKRWSODWHPHWKRGLQWUDQVLHQWUHJLPHIRUWKHFRPSRVLWH,OOLWH
FOD\H[SDQGHGEHIRUHFDOFLQDWLRQVLQGLFDWHWKDWWKLVSURSHUW\LVGHFUHDVLQJIURPWR-P.VZKLOHWKLV
SURSHUW\DIWHUFDOFLQDWLRQVGHFUHDVHVIURPWR-P.VZKHQWKHYROXPHIUDFWLRQRIH[SDQGHGSHUOLWHLV
LQFUHDVLQJ+RZHYHUWKH WKHUPDOHIIXVLYLW\ IRU ,OOLWHFOD\JUDQXODUFRUNGHFUHDVHV IURP WR -P.V
IRU FRPSRVLWH  FRUN ZLWK WKH LQFUHDVH RI JUDQXODU FRUN YROXPH IUDFWLRQ DQG WKH GHFUHDVH RI WKH GHQVLW\
)LJXUHVKRZVWKHSORWRIWKHUHVXOWVRIWKHWKHUPDOHIIXVLYLW\RIWKHWZRFRPSRVLWHDFFRUGLQJGHQVLWLHVDOORZVWR
FRQFOXGHWKDW
9 7KHYDOXHV RI WKHUPDO HIIXVLYLWLHV REWDLQHG IURP WKH FRPSRVLWH FOD\H[SDQGHGSHUOLWH DLU GULHG DUH VR ORZHU
WKDQWKHYDOXHRIWKHFRPSRVLWLRQFOD\FRUN
9 $GGLQJWKHJUDQXODUFRUNRQFRPSRVLWHSHUPLWVDJDLQRIRQWKHUPDOHIIXVLYLWLHVZKLOHWKHH[SDQGHGSHUOLWH
SHUPLWVDJDLQRI
9 7KH YDOXH RI WKH WKHUPDO HIIXVLYLWLHV RI WKH FRPSRVLWH FOD\FRUN DLU GULHG DUH DERYH WKH VDPH YDOXH DV WKH
FRPSRVLWH FOD\H[SDQGHGSHUOLWHKHDWHG VRZH FRQFOXGH WKDW WKH UHVXOWV RI WKH FRPSRVLWH FOD\FRUNDUHPRUH
LQWHUHVWLQJWKDQWKRVHRIFOD\H[SDQGHGSHUOLWHLQWHUPRIHQHUJ\JDLQ
9 7KHGHFUHDVHRIWKHWKHUPDOHIIXVLYLW\RIRXUFRPSRVLWHVFRQGXFWWRFRQFOXGHWKDWWKHFRPSRVLWHFOD\H[SDQGHG
SHUOLWHDIWHUFDOFLQDWLRQVDEVRUEVPRUHKHDWIORZWKDQFOD\JUDQXODUFRUN
9 7KLVVLJQLILFDQWGHFUHDVHREWDLQHGIURPFOD\H[SDQGHGSHUOLWHLVGXHWRWKHKHDWVSHQGLQJE\FDOFLQDWLRQVRIWKH
PDWHULDO 7KLV GHFUHDVH RI WKHUPDO HIIXVLYLW\ SHUPLWV WR OLPLW WKH WKHUPDO H[FKDQJH ZLWK WKH RXWVLGH
HQYLURQPHQW
9 7KH ILJXUH  VKRZV WKHUPDO HIIXVLYLW\ DFFRUGLQJ WR GHQVLW\ DQG SHUPLWV WR DXWKRUV WR GHGXFH D OLQHDU
FRUUHODWLRQEHWZHHQWKRVHSDUDPHWHUV

)LJ9LHZRI7KHUPDO(IIXVLYLW\DFFRUGLQJWRGHQVLWLHVRIFRPSRVLWH,OOLWHFOD\JUDQXODUFRUNDQG,OOLWHFOD\H[SDQGHGSHUOLWHEHIRUHDQGDIWHU
FDOFLQDWLRQ
7KHUPDOGLIIXVLYLW\E\WKHIODVKPHWKRG
7KHUHVXOWVEHIRUHFDOFLQDWLRQV LQGLFDWH WKDWWKHWKHUPDOGLIIXVLYLW\ LVGHFUHDVLQJ IURPWR PV
ZKLOH WKLV SURSHUW\ DIWHU FDOFLQDWLRQV GHFUHDVHV IURP  WR [ PV ZKHQ WKH YROXPH IUDFWLRQ RI
H[SDQGHG SHUOLWH LV LQFUHDVLQJ:KLOH WKH WKHUPDO HIIXVLYLW\ IRU WKH FRPSRVLWH FOD\FRUN GHFUHDVHV IURP
FOD\DORQH WR PVFOD\FRUNZKHQWKHYROXPHIUDFWLRQFRUNLQFUHDVHV )LJXUHVKRZV WKH
SORWRIWKHUHVXOWVRIWKHWKHUPDOGLIIXVLYLW\RIWKHWZRFRPSRVLWHDFFRUGLQJGHQVLWLHVDOORZVWRREVHUYHWKDW
9 WKHWKHUPDOGLIIXVLYLW\LVGHFUHDVLQJSURSRUWLRQDOO\WRWKHGHFUHDVHRIWKHGHQVLWLHVRIWKHFRPSRVLWHV
9 $GGLQJ WKHJUDQXODUFRUNRQFRPSRVLWHVSHUPLWDJDLQRIIRU WKHYDOXHVRI WKHUPDOGLIIXVLYLW\ZKLOH WKH
H[SDQGHGSHUOLWHSHUPLWV
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9 7KH WKHUPDO GLIIXVLYLW\ UHVXOWV RI WKH FRPSRVLWH ,OOLWH FOD\ ±JUDQXODU FRUNDLU GULHGDUHPRUH LQWHUHVWLQJ WKDQ
,OOLWH FOD\ ±H[SDQGHGSHUOLWHKHDWHG VR WKH WUDQVIHU RIKHDW IORZ WDNHVPRUH WLPH WR FURVV WKH FRPSRVLWH FOD\
JUDQXODUFRUNLQFRPSDULVRQZLWKFOD\H[SDQGHGSHUOLWH
9 7KHYDOXHRIWKHWKHUPDOGLIIXVLYLW\RIFRPSRVLWH,OOLWHFOD\JUDQXODUFRUNDLUGULHGDUHVRORZHUWKDQWKRVH
REWDLQHGE\WKHFRPELQDWLRQRI,OOLWHFOD\±H[SDQGHGSHUOLWH
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
)LJ9LHZRI7KHUPDOGLIIXVLYLW\DFFRUGLQJWRGHQVLWLHVRIWKHGLIIHUHQWPDWHULDOVVWXGLHG
7KHUPDOSHUIRUPDQFHRI,OOLWH&OD\JUDQXODUFRUNRUH[SDQGHGSHUOLWHFRPSDUHGZLWK,OOLWHFOD\DORQH
7KH ([SHULPHQWDO LQYHVWLJDWLRQ RI WKH WKHUPDO SURSHUWLHV RI WKH FRPSRVLWH PDWHULDO EDVHG RQ WKH HFRORJLFDO
PDWHULDOV,OOLWHFOD\JUDQXODUFRUNRUH[SDQGHGSHUOLWHZDVPDGHIRUWKHSXUSRVHRILWVXVHDVDZDOOVRUVODE7KH
FRPSDULVRQRIEORFNVZLWKWKHVDPHWKLFNQHVVGRQHIURPPDWHULDOVFOD\FRUNFOD\H[SDQGHGSHUOLWHDQGFOD\DORQH
VXEMHFWWRWKHVDPHGLIIHUHQFHRIWKHWHPSHUDWXUHJLYHVWKHUHODWLRQFLWHGEHORZ
)RUDQDUHDRIP

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